Much of the work on the basic molecular biology of human adenoviruses has been carried out on a very limited number of the more than 60 serotypes, primarily the highly related species C viruses adenovirus type 5 (Ad5) and Ad2 and, to some extent, Ad12 of species A. Until recently, it has been widely assumed that insights obtained with these model viruses were representative of all human adenoviruses. Recent studies on the E3 ubiquitin ligase formed by the viral E1B55K and E4orf6 proteins with a cellular Cullin-based complex indicated that although all species form such a functional complex, significant variations exist in terms of complex composition and the substrates that are degraded. In the present report we conducted a comprehensive analysis of the localization of E1B55K products from representatives of six of the seven adenovirus species in the presence and the absence of the corresponding E4orf6 protein. We found that although in some species E1B55K localized in aggresomes, such was not always the case, suggesting that these structures are not necessary for the efficient degradation of substrates. In addition, differences were evident in the localization of E1B55K, although all forms readily associated with PML. Finally, Ad5 E1B55K was seen to localize in close proximity to Rab11, a marker for the endosomal recycling compartment, and both focused at the microtubule organizing center. These findings suggest that E1B55K from some species may employ the transport system utilized by the membrane recycling pathway to assemble aggresomes and the possibility that this structure might then affect recycling of cell surface components.
O
ne of the products of early region 1B of human adenoviruses, E1B55K, has been studied extensively, especially that produced by serotype 5 (Ad5), which historically has served as a model for all adenoviruses. E1B55K is known to have several functions during lytic infection, some of which require a product of early region 4, the E4orf6 protein (1) (2) (3) (4) (5) (6) (7) (8) . Much of the Ad5 E1B55K in infected cells associates with and serves as the substrate recruitment component for a Cullin-based E3 ubiquitin ligase formed by E4orf6 that ubiquitinates several target substrates leading to their degradation to optimize the infectious cycle (4, 6, 9, 10) . The formation of this ligase complex is highly conserved in adenoviruses, although substrate specificity varies somewhat between different adenovirus species (11) . In the absence of E4orf6, E1B55K has been found to promote the degradation of the multifunctional protein Daxx (12) and to bind to and repress the transcriptional activation activity of p53 (13) (14) (15) (16) . E1B55K also contributes to cell transformation in combination with products of early region 1A (E1A), a function that is probably largely related to its ability to inactivate p53 (13) (14) (15) (16) but also involves p53-independent functions (17) (18) (19) . E1B55K is SUMOylated at its SUMO conjugation motif (SCM) (14, 20, 21) and phosphorylated on the C-terminal region by casein kinase 2 (CK2) (22) (23) (24) . Both posttranslational modifications are required for efficient repression of p53-mediated transcription, for the nucleocytoplasmic relocalization of p53, and thus for cellular transformation (25) . Furthermore, these modifications are linked in that phosphorylation is required for efficient SUMO conjugation to occur (25) . The E1B55K/E4orf6 complex readily shuttles between the nucleus and cytoplasm (26) (27) (28) . While the localization of Ad5 E1B55K in productively infected human cells as detected by immunofluorescence (IF) microscopy is mostly nuclear (7, 29) or near the nucleus (7), its localization in E1A/E1B-transformed human or rodent cells differs significantly. Little E1B55K is present in the nucleus, whereas a major quantity is concentrated in a single cytoplasmic body near the nucleus (30, 31) , with some in regions of cell-cell contact at the cell surface (31) and low levels throughout the cytoplasm (31) . The cytoplasmic bodies, which are evident in many infected human cells as well, were recently characterized as aggresomes, which localize near the microtubule organizing center (MTOC) region (32) . In lytic infection the expression of E4orf6, as well as of E4orf3, is responsible for the relocalization of much of the E1B55K to the nucleus (33) , but a portion can remain in these aggresomes (21) .
Aggresome formation is a normal process that cells use to eliminate aggregates that can form when proteins fold only partially or incorrectly. When hydrophobic domains of such misfolded proteins are exposed they tend to aggregate if not properly controlled by chaperone proteins. Multiple aggregated particles are formed throughout the cytoplasm, presumably at sites of translation at polysomes (34) , that are then rapidly transported toward the MTOC by dynein-dependent retrograde transport on microtu-bules (34, 35) where they are sequestered in a single structure called the aggresome. The aggresome is thus an aggregate of aggregates (36) . If retrograde transport is inhibited by treatment with microtubule depolymerizing drugs such as nocodazole, or by the overexpression of p50/dynamitin, the aggresomal particles remain distributed throughout the cytoplasm (34, 35) . Most aggresomes appear either as a single sphere or as an extended ribbon, depending in part on the nature of the aggregated proteins (36) . Aggresomes are sometimes surrounded by a "vimentin cage" resulting from the collapse of the predominant intermediate filament (35, 36) , although this formation is not universal or essential for aggresome formation (36; Ron Kopito, personal communication).
In the present study we have examined the localization of E1B55K and found a considerable variability among different adenovirus species. In fact, the localization of E1B55K of Ad5 and Ad12, the two most studied model serotypes, is quite distinct from the general pattern exhibited by representatives of other adenovirus species. We also found that the ability of E1B55K to localize in aggresomal structures is not conserved in all adenovirus species, suggesting that this structure is not required for efficient degradation of the nuclear substrates of the E4orf6/E1B55K E3 ubiquitin ligase complex. It was noted, however, that E1B55K proteins of all adenovirus species were able to bind PML and in most cases colocalized with PML in nuclear foci.
MATERIALS AND METHODS
Cells and cell lines. Human small cell carcinoma H1299 cells (ATCC CRL-5803), carrying a deletion of the p53 gene (37) , were cultured in Dulbecco modified Eagle medium (DMEM) containing 0.292-mg L-glutamine (Gibco)/ml supplemented with 10% fetal calf serum (FCS; PAA).
Plasmids and antisera. cDNAs encoding FLAG-E4orf6 and HA-E1B55K proteins from each serotype were described previously (11) . cDNA encoding GFP-Rab11 (38) was obtained from Morag Park (McGill University). Hemagglutinin (HA) epitopes were detected using anti-HA mouse monoclonal HA.11 (BabCO) (Western blotting or IF) or with rat monoclonal 3F10 (Roche) (IF), FLAG epitopes with rabbit anti-FLAG (Sigma-Aldrich), actin with mouse monoclonal antibody C4 (Millipore), PML with mouse monoclonal antibody ab6263 (Abcam), and ␥-tubulin with mouse monoclonal antibody ab11316 (Abcam).
Indirect immunofluorescence. Cells grown on glass coverslips in sixwell dishes were transfected for 24 h with up to 1 g of plasmid DNAs expressing HA-E1B55K of different serotypes. Some wells were treated with 1.5 M nocodazole (Sigma). Cells were then fixed for 15 min with 4% paraformaldehyde (Electron Microscopy Science) and permeabilized for 15 min with 0.5% Triton X-100 in phosphate-buffered saline (PBS). For ␥-tubulin experiments, cells were fixed with methanol at Ϫ20°C for 15 min with no permeabilization step. After washes in PBS, immunofluorescence was performed with appropriate antibodies for 2 h at room temperature in a humidity chamber. The secondary antibodies used were antibodies conjugated to Alexa 594 and Alexa 488 dyes (Molecular Probes). DAPI (4=,6=-diamidino-2-phenylindole) dye was added with the secondary antibodies. Coverslips were washed and mounted in ImmuMount (Thermo Scientific). In all cases, we have analyzed cells expressing low to intermediate levels of protein to avoid potential localization artifacts related to overexpression. Images were obtained using an LSM3 confocal microscope with a ϫ63 objective using the LSM 4.2 Image browser software. Images were cropped using Adobe Photoshop CS3, the brightness adjusted, and then assembled with Adobe Illustrator CS3.
Coimmunoprecipitations. Subconfluent cells grown in 100-mm dishes were treated with a mixture of DNA and 25-kDa linear polyethyleneimine (Polysciences Inc., Eppelheim, Germany). One hour before transfection, the medium was removed and replaced by fresh DMEM. The transfection solution was prepared by incubating a mixture of DNA, polyethyleneimine, and DMEM in a ratio of 1:10:100 for 30 min at room temperature. After application of the transfection solution, cells were incubated for 8 h before replacing the medium with standard culture medium. Protein extracts were prepared in full radioimmunoprecipitation assay lysis buffer (50 mM Tris-HCl [pH 8.0], 150 mM NaCl, 5 mM EDTA, 1 mM dithiothreitol [DTT], 0.1% sodium dodecyl sulfate, 1% Nonidet P-40, 0.1% Triton X-100, 0.5% sodium deoxycholate) containing 1% (vol/vol) phenylmethylsulfonyl fluoride, 0.1% (vol/vol) aprotinin, 1 g of leupeptin/ml, 1 g of pepstatin/ml, 1 mM DTT, 25 mM iodacetamide, and 25 mM N-ethylmaleimide. For immunoprecipitations, protein ASepharose (Upstate) was coupled with PML antibodies for 1 h at 4°C. The antibody-coupled protein A-Sepharose was added to precleared extracts and rotated for 2 h at 4°C. Proteins bound to the antibody-coupled protein A-Sepharose were precipitated by centrifugation, washed three times, boiled for 3 min at 95°C in 2ϫ Laemmli buffer, and analyzed by immunoblotting. For immunoblotting of steady-state protein levels/immunoprecipitation solutions, equal amounts of total protein were separated by SDS-PAGE, transferred to polyvinylidene difluoride membranes (Millipore) blocked using 5% skim milk. Primary antibodies were added on membranes for 2 to 3 h at room temperature. Membranes were washed with PBS containing 0.1% Tween 20 and the secondary antibody added for 45 min at room temperature. Detection was performed using the Western Lightning Chemiluminescence Reagent Plus (Perkin-Elmer).
RESULTS
The subcellular localization of E1B55K of Ad5 is not representative of all adenovirus species. All human adenoviruses are predicted to encode similar E1B products, the largest of which in all serotypes is a highly similar species of about 55 kDa (C. Y. Cheng et al., unpublished data). For simplicity in the present report all will be referred to as E1B55K. It is widely believed that all E1B55K products exhibit largely common biological activities. For example, although there is some heterogeneity in composition and substrate specificity, we have found that representatives of all species form functional Cullin-based E3 ubiquitin ligase complexes with the E4orf6 protein (11) . In the case of Ad5 it is likely that a major portion of the E1B55K in infected cells is present in this complex (4) . The subcellular localization of E1B55K of Ad5 has been most extensively studied. Expressed alone in the absence of other viral proteins Ad5 E1B55K is mostly cytoplasmic with usually a juxtanuclear concentration within what has been determined to be an aggresome (32) , and a variable but usually low level in the nucleus (31) . After coexpression with E4orf6, Ad5 E1B55K becomes concentrated in the nucleus but a significant quantity remains with the aggresome. These results suggest that interactions with E4orf6 enhance transport to and/or retention in or inhibition of export from the nucleus (33) . To determine whether this pattern of localization of E1B55K is conserved, H1299 cells grown on coverslips were transfected with plasmid DNAs expressing HA-E1B55K products from serotypes representing six of the seven adenovirus species and cells were fixed and stained using an HA-specific antibody. As shown in Fig. 1Ag and h, with Ad5 (species C) E1B55K the usual pattern was apparent, a mostly cytoplasmic localization with cytoplasmic dots, the aggresome, and a low (and in multiple fields of cells, not shown, variable) level of nuclear accumulation. A significant amount of Ad5 E1B55K was also evident at the plasma membrane. Figure 1Aa and b shows that the localization of Ad12 E1B55K corresponds well with results from previous studies (39, 40) in that it was evident throughout the cell with oval shaped aggresome-like structures being apparent, although unlike Ad5 some variation in the number of such structures was evident, ranging from 0 to even 3 or 4 in some cells, with 0 to 1 being most common (not shown). As seen previously (39) , cells expressing only low levels of E1B55K exhibited mostly a nuclear localization (data not shown), which is also the predominant location of Ad12 E1B55K in transformed cells or DNA-transfected rat cells (31, 41) . The localizations of E1B55K from the other serotypes were found to be quite similar, but all differed significantly from those of both the Ad5 and Ad12 proteins. All exhibited a mostly nuclear localization with intense nuclear dots. For Ad16 ( Fig. 1Ac and d) and Ad34 ( Fig. 1Ae and f), these dots were of a spherical nature. In the case of Ad16 ( Fig. 1Ac and d) , Ad9 ( Fig. 1Ai and j), and Ad4 ( Fig.  1Ak and l) E1B55K was also present in an aggresome-like structure near the nucleus. This structure was seen infrequently with Ad34 ( Fig. 1Ae and f ) but practically never with Ad40 ( Fig. 1Am and n).
As described earlier, in the case of Ad5, E1B55K is present largely in the nucleus in the presence of the E4orf6 product. To determine whether a similar pattern exists with other serotypes, H1299 cells grown on coverslips were transfected with plasmid DNAs expressing HA-E1B55K and the corresponding FLAGE4orf6 from the seven serotypes and examined by IF using HAand FLAG-specific antibodies. Figure 1B (middle panels) shows that as seen before (11), in all cases E4orf6 protein localized exclusively in the nucleus. With Ad5 (Fig. 1Bj) the presence of E4orf6 resulted in full nuclear localization of E1B55K, as found previously. Figure 1B also shows that with the exception of Ad12, the expression of E4orf6 caused the loss of the nuclear dots of E1B55K from all other serotypes. Such was not the case with Ad12. Figures  1Ba and c show that even in the presence of Ad12 E4orf6 protein, Ad12 E1B55K was present in both the nucleus and cytoplasm with aggresome-like structures evident. This difference could occur for several reasons (see Discussion). Nevertheless, two major questions issue from the observations presented in Fig. 1 in terms of the nature of the intracellular structures containing E1B55K. The first is whether or not the presence of E1B55K in true aggresomes is conserved among all adenovirus species. The second concerns the composition of the nuclear dots containing E1B55K in many of the serotypes examined.
The nuclear dots containing E1B55K are associated with PML bodies. It seemed possible that the nuclear dots containing E1B55K could represent PML bodies, which are dense nuclear structures numbering from 10 to 20 per nucleus (42) (43) (44) . They are composed of several proteins (45) among which PML is a key component (46, 47) . The bodies are involved in a broad range of key cellular processes, including the innate immune response (reviewed in reference 48). Incoming Ad5 genomes localize adjacent to the PML bodies early in infection (49) and at least three viral proteins, E1A-13S (50), E4orf3 (51), and E1B55K (52) specifically interact with them. To address this question, colocalization of E1B55K with PML bodies was assessed in H1299 cells transfected with plasmid DNAs expressing HA-E1B55K proteins of various serotypes as in Fig. 1A by IF microscopy using antibodies against either HA or PML. As seen in Fig. 2A , the pattern of E1B55K from the various serotypes was similar to that shown in Fig. 1a ; however, a clear colocalization of E1B55K and PML was seen for Ad4, Ad9, Ad16, Ad34, and Ad40. Unlike these serotypes the E1B55K proteins of Ad5 and Ad12 are not concentrated in the nucleus and thus colocalization was somewhat more difficult to determine. Nevertheless, the few E1B55K dots seen for Ad12 also colocalized with PML. To enhance the presence of Ad5 and Ad12 E1B55K in the nucleus, cells expressing HA-E1B55K of these serotypes were treated with leptomycin B (LMB) for 6 h before fixing. As shown previously, this treatment induces nuclear relocalization of Ad5 E1B55K and, as seen in Fig. 2Ba to c, a clear colocalization with PML was evident (52) . LMB treatment also increased the level of Ad12 E1B55K in the nucleus and in some cells faint nuclear dots were present that also colocalized with PML ( Fig. 2Bd to f) . Ad5 E1B55K was shown previously to coimmunoprecipitate with PML (52). To determine if this interaction is conserved among adenovirus species, as suggested by the findings in Fig. 1 , immunoprecipitates were prepared using anti-PML antibodies and the presence of HA-E1B55K was examined by Western blotting with anti-HA antibodies. Figure 2C shows that with all serotypes E1B55K interacted with PML. Aggresome formation by E1B55K is not conserved in all adenovirus species. It was reported previously that Ad5 E1B55K assembles in an aggresome structure at the periphery of the nucleus (32) . Major hallmarks of aggresomes are their location at or near microtubule organizing centers (MTOC), and the requirement of retrograde transport for their assembly (34, 35) . To determine whether localization of E1B55K in aggresome structures is conserved with all serotypes, coimmunofluorescence studies of E1B55K proteins with the MTOC marker ␥-tubulin were performed. H1299 cells were transfected with E1B55K-expressing plasmid DNAs as in Fig. 1A , they were fixed with methanol and stained with both anti-HA and anti-␥-tubulin antibodies. As seen in Fig. 3A , a colocalization between ␥-tubulin and E1B55K from Ad4, Ad5, Ad9, and Ad16 was evident; however, the oval-shaped aggresome-like structures formed by Ad12 E1B55K did not colocalize with ␥-tubulin, and in the case of the few cells that contain aggresome-like structures formed by Ad34 E1B55K, no colocalization with ␥-tubulin was evident. No such structures were formed by Ad40 E1B55K. (Note that localization of ␥-tubulin should be primarily at the MTOC in interphase cells, as we have observed in our studies; however, with the relatively weak signal obtained using the present antibody, an increased background was present in the image.) To assemble into aggresomes, it is known that smaller aggregates utilize the dynein-dependent retrograde transport on microtubules (34, 35) and such transport is inhibited by nocodazole, which interferes with the polymerization of microtubules (34, 35) . Previous studies have already shown that nocodazole treatment of Ad5 E1B55K-expressing cells disrupts the formation of aggresome structures (21, 32) . To confirm that the aggresome-like structures formed by the other serotypes are indeed aggresomes, we looked at the pattern of E1B55K localization following nocodazole treatment. HA-E1B55K-expressing H1299 cells, as in Fig. 1A , were treated for the last 6 h before fixation for IF. As shown in Fig. 3B , treatment with nocodazole resulted in the dispersion of the aggresome structures of Ad4, Ad5, Ad9, and Ad16 into small aggregates throughout the cytoplasm; however, nocodazole treatment had no effect on the structures for Ad12, Ad34, and Ad40. In total, these studies suggested that E1B55K from several, but not all species are present in aggresomes.
E1B55K localizes in close proximity to the ERC. Certain other structures are also known to localize near the MTOC, one of these being the endosomal recycling compartment (ERC) (53) . The ERC was of interest to us for two reasons. First, the formation of ERCs involves the same retrograde transport system used in the formation of aggresomes (54, 55) . Second, one of the targets of the E4orf6/E1B55K ligase of some adenovirus species is a membrane protein, integrin ␣3 (56), making it possible that the ligase may interact with elements of the ERC. To determine whether E1B55K also colocalizes in the ERC, colocalization studies were conducted using the known ERC marker, Rab11 (57) (58) (59) . Since both the aggresomes and ERCs are known to localize near the MTOC, E1B55K from a representative serotype that forms an aggresome, Ad5, was chosen for these experiments to provide at least an initial insight into this question. Control H1299 cells and those expressing Ad5 HA-E1B55K were fixed with paraformaldehyde and stained with antibodies recognizing E1B55K and endogenous Rab11. As seen in Fig. 4A , and as expected, Rab11 was localized largely in a dot-like structure near the nucleus (panels a to c). As expected (53, 60) , treatment with nocodazole for the last 6 h before fixing resulted in the loss of these structures (Fig. 4Ad to f) . Colocalization of Rab11 and E1B55K at the dot near the nucleus was clearly apparent (Fig. 4Ag to i) , and this dot was absent following treatment with nocodazole ( Fig. 4Aj to l) . The image present in Fig. 4Ai is also shown in Fig. 4Bc with the small area denoted by the dashed square enlarged to show the colocalization in more detail. Figure 4Bd indicates clearly that E1B55K colocalized with the most intense part of the Rab11 signal but that Rab11 was present more diffusely in the surrounding area as well. Similarly, the image present Fig. 3Ao is also shown in Fig. 4Ba with the small area denoted by the dashed square enlarged. It shows that E1B55K strongly colocalizes with ␥-tubulin but is also present as well in the immediate surrounding area. A similar colocalization between Ad5 E1B55K and Rab11 was also seen in cells expressing high levels of exogenous GFP-Rab11 (Fig. 4Ca to c) . In this study, it was also possible to see that treatment with nocodazole disrupted the ERC, but several smaller dots of GFP-Rab11 were evident throughout the cytoplasm, mostly concentrated near the plasma membrane (Fig. 4Ce) . E1B55K also was seen to collect in several cytoplasmic dots that did not overlap with the GFP-Rab11 dots but were quite close to the plasma membrane (Fig. 4Cd to f) . At present, it is still unclear how Ad5 E1B55K at least partially colocalizes with the ERC, since we have been unable to demonstrate that E1B55K coimmunoprecipitates with Rab11 (data not shown); however, in addition to Rab11, several other proteins are present in ERC, and one of these proteins may bind E1B55K and target it to the ERC. Thus, further studies are planned, including those with other serotypes, to examine this possibility.
DISCUSSION
The majority of studies on human adenoviruses have been performed using two highly related serotypes of the C species, Ad2 and Ad5, although a limited number have used Ad12, a member of the A species. It is only recently that researchers have taken an interest in serotypes representing all or several species. Our recent study on the E4orf6 protein indicated that significant functional differences exist between the serotypes (11). Another study on E4orf3 also showed significant variability among different serotypes in its subcellular localization and influence on the PMLnuclear bodies (61) . The results of the present study suggest that such is also the case with E1B55K. The subcellular localization of Ad5 E1B55K when expressed alone or in E1A/E1B-transformed cells has been reported as mostly cytoplasmic with often the formation of an aggresome (21, (30) (31) (32) ; however, neither of these characteristics was conserved among the different serotypes representing six of the seven adenovirus species (we have not yet studied Ad52, the only serotype in species G). In fact, the majority displayed a nuclear E1B55K localization with intense nuclear dots or spheres. In this respect, E1B55K of both Ad5 and Ad12 differed, with Ad12 showing a mostly whole-cell localization with sometimes the presence of oval-shaped structures. The subcellular localization of a shuttling protein normally depends on the net rate difference between import and export. In the case of E1B55K a nuclear export signal (NES) has been identified (26), but not a nuclear localization signal (NLS) (26, 33) . Figure 5 shows that the NES is well-conserved among serotypes except for Ad12 and Ad40; however, this dissimilarity alone cannot explain the differences in localization as Ad12 and Ad40 E1B55K proteins localize very differently. No obvious NLS motifs are evident in E1B55K of any serotype, so it probably must enter the nucleus by binding to another nuclear protein. In the case of Ad5, clearly E4orf6 as well as E4orf3 (62) can serve that function, but possibly some cellular protein may be involved with the E1B55K proteins of serotypes showing a nuclear localization when expressed alone.
In almost all cases, we found that the expression of E4orf6 resulted in the same effect: the presence of E1B55K spread evenly throughout the nucleus. In the case of Ad5 the presence of E4orf6 clearly resulted in a major relocalization of E1B55K from the cytoplasm to the nucleus. For most of the other serotypes the presence of E4orf6 resulted in the disappearance of E1B55K in the brightly staining nuclear dots. The exception in this respect was Ad12 for which expression of E4orf6 did not appear to have any significant effect. The lack of relocalization of Ad12 E1B55K by E4orf6 could be partly due to the observation that they seem to bind with somewhat less affinity than do the Ad5 proteins (data not shown). We have also noted that the levels of expression of Ad12 E4orf6 are usually somewhat lower than with most other serotypes and thus perhaps less E1B55K may be retained in the E4orf6 complex. However, other explanations may be more likely. Ad12 E1B55K localization is known to be largely nuclear during infection (63) , thus making it possible that a viral protein other than E4orf6 may be responsible in the case of Ad12 for relocalization of E1B55K to the nucleus. In this context, Ad5 E1B55K is known to interact with the E4orf3 protein (62) , and this protein might serve such a role more predominantly with Ad12.
Ad5 E1B55K was shown to coimmunoprecipitate with PML and to colocalize with PML in nuclear foci, at least when concentrated in the nucleus (52) . This aspect of Ad5 E1B55K was found to be fully conserved in all of the serotypes tested. Interestingly, although previous studies indicated that SUMOylation of Ad5 E1B55K was not necessary for coimmunoprecipitation with PML, it was shown to be necessary for colocalization with PML in nuclear dots (52) . This situation is probably different with at least some of the other serotypes, in particular with Ad40. Figure 5 shows that E1B55K protein from this serotype, as well as that of Ad12, does not contain a conserved SUMO conjugation motif (SCM). However, analysis by immunofluorescence indicated that Ad40 E1B55K clearly forms bright nuclear foci that colocalize with PML, demonstrating that at least with this serotype, conjugation by SUMO may not be required for colocalization with PML bodies.
As shown previously, Ad5 E1B55K protein exists in an aggresome (32) . It has also been shown in general that aggresomes also recruit chaperone proteins (34, 64) and proteasomal components (34, 65, 66) , presumably to help the clearance of aggregated proteins (36) . It is possible that E1B55K has a tendency to misfold and thus aggregates and is transported to the aggresome and the presence of an unoccupied interaction site for E4orf6 could participate in this process. However, evidence exists to suggest that E1B55K is largely folded correctly and functional (32) , in part because it is known to be able to recruit p53 and Mre11 to aggresomes (31, 32; Cheng et al., unpublished) , and the aggresome can still form in the presence of E4orf6 in both cells expressing these proteins from transfected plasmid DNAs, as shown in Fig.  1B , and cells infected with wild-type virus (21, 32; unpublished observations). Thus, E1B55K may participate actively rather than passively in the aggresome formation process. This possibility combined with the presence of a high concentration of proteasomes at the MTOC and the localization of E4orf6 and Cul5 with E1B55K in the aggresome in 293 cells transfected with plasmid DNAs expressing E4orf6 (32) has led some to conclude that substrates of the E4orf6/E1B55K ligase complex are first brought to the aggresome before being degraded (67) , although this idea was not a conclusion drawn in the original study. However, our results indicated that the formation of an aggresome is not conserved in three of the seven serotypes studied. In both Ad12 and Ad34, what were thought to be "aggresome-like" structures do not exhibit the known characteristics of aggresomes and in fact Ad40 does not form such structures at all. In both Ad12 and Ad34, the structures are not formed near the microtubule organizing center (MTOC) (Fig. 3 ) (40), and in the case of Ad12 they are not even necessarily near the nucleus. In addition, inhibition of microtubule polymerization by addition of nocodazole did not disrupt the formation of these structures, as should be the case with aggresomes. Interestingly, both Ad12 and Ad40 E1B55K/E4orf6 ligase complexes were shown to degrade p53 and Mre11 as efficiently as Ad5 (11) . Thus, these results suggest that although some degradation of substrates of the viral E3 ligase complex probably takes place in aggresomes due to close proximity to an abundance of the ubiquitin machinery (32), this pathway is clearly not necessary for efficient degradation of substrates. This finding further suggests that it is unlikely that efficient protein degradation alone is the reason for the evolution of the ability of E1B55K to actively form an aggresome. The MTOC is also the location of another structure, the endosomal recycling compartment (ERC), at least in several cell types (53) . The ERC is a component of the membrane protein (and some lipid) recycling pathway (reviewed in references 68, 69, and 70). Briefly, after internalization, membrane proteins are delivered to early endosomes, also called sorting endosomes. Proteins destined for degradation are then transported to late endosome structures, but the majority of the cargos are returned to the plasma membrane in one of two pathways. In the short pathway, they are directly returned to the plasma membrane from the sorting endosomes. In the long pathway, they are first moved to the ERC (sometimes also called perinuclear recycling compartment), before returning to the plasma membrane. A major marker of the ERC is Rab11 (71), which with one of its interacting species, Rab11-FIP3, binds to the dynein motor complex to deliver the ERC to the MTOC area (54) . Blocking the retrograde transport with nocodazole causes dispersion of the ERC, although it does not affect the kinetics of recycling (55) . Rab11 also controls the return of proteins from the ERC to the plasma membrane (70) . In the present studies, we have shown that E1B55K localizes quite close to a marker of the ERC, Rab11. It is not surprising that E1B55K has both the hallmarks of an aggresome and colocalizes with the ERC since both structures use the same retrograde transport mechanism to accumulate at the MTOC region. There is good evidence that E1B55K accumulated in this region is still functional and thus not misfolded, making it unlikely that the usual pathway that depends on misfolded proteins is used for assembly of the E1B55K aggresome. Thus, E1B55K may bind directly to proteins involved in retrograde transport or use the recycling pathway. In either case the final localization should be the same. The presence of E1B55K could have consequences in terms of the normal process of membrane protein recycling. In a screen for E4orf6/E1B55K ligase complex substrates, we showed that integrin ␣3 is degraded in response to the E4orf6/E1B55K ligase (56) . Although we could detect efficient colocalization of E1B55K and integrin ␣3 in the aggresome structure (56), we have never been able to coimmunoprecipitate these two proteins. Of some interest, in recent continuing studies we have found that the levels of several integrin species were reduced at the cell surface following expression of Ad5 E4orf6 and E1B55K (F. Dallaire et al., unpublished results). Although the E1B55K-containing structure has all the hallmarks of an aggresome, it may use the recycling pathway to accumulate at the MTOC, and in the process disrupt normal protein recycling. This process might clarify how E1B55K can accumulate in this area of the cell while not actually being misfolded and thus inactive. It should be noted, however, that in a EM micrograph of E1B55K in the juxtanuclear structure, lipid bilayers were not readily observable (31) , although the existence of such structures was not specifically addressed in a comprehensive way in this study. Thus, whereas Ad5 E1B55K and Rab11 may localize in the same general juxtanuclear region driven through a common transport system, the former seems unlikely to be present in or on membranous structures. Continuing research is currently being actively pursued on these issues.
